Two female rhesus macaques (Macaca mulatta) and one female pigtailed macaque (M. nemestrina) developed acute neurological signs including ataxia, muscular incoordination, and seizures. Light microscopy showed Cowdry Type A intranuclear inclusion bodies in astrocytes and neurons of the cerebral cortex and Purkinje's cells of the cerebellum. Many cells also had intracytoplasmic inclusion bodies. Electron microscopy identified paramyxoviral nucleocapsids in the intranuclear and intracytoplasmic inclusions in two monkeys. We believe these monkeys had measles encephalitis because measles virus is the only paramyxovirus known to cause inclusion bodies in macaques and because the lesions in these monkeys resembled measles encephalitis in man.
The pigtailed macaque (T75040) developed shigellosis at eight months, and was treated successfully with nitrofurans. At 1 1 months, it became ataxic, depressed, and lethargic. A day after onset of these symptoms, it had progressive muscle incoordination. Rectal temperature had dropped to 3OOC. On the sixth day after onset of neurological signs, there was severe loss of voluntary motor function. The monkey also had respiratory difficulty with an expiratory grunt and mild cyanosis. It was killed on the seventh day after onset of neurological signs.
The two rhesus macaques had been injected at birth with Mason-Pfizer Mammary Virus. Monkey B3978 became depressed and dehydrated at 27 months of age. Two days later a mild ataxia developed, which increased in severity over the next three days and culminated in a complete loss of coordination by the fifth day. It also had recurrent generalized convulsions. The monkey was killed on the fifth day after onset of neurological signs. Monkey B5433 was presented at 36 months of age with spontaneous seizures that initially responded to phenytoin therapy. It developed progressive ataxia with gradual loss of motor control, resulting in an inability to feed itself. It was killed on the third day after onset of neurological signs.
Materials and Methods
The pigtailed macaque was killed within ten days after onset of clinical signs. The brain was removed immediately and sections were taken from cerebral cortex, midbrain, cerebellum and brain stem to be processed for light and electron microscopy. Tissue for light microscopic examination was fixed in 10% neutral buffered formalin, dehydrated, embedded in paraffin, cut at 6 pm, and stained with hematoxylin and eosin (HE) or Luxol fast blue-Nissl. For electron microscopic examination, brain tissue was minced and futed in cold half-strength Karnovsky's solution for six hours, placed in cold 1 M cacodylate buffer, postfixed in 1% osmium tetroxide, and embedded in epon. Sections cut at 1 pm were stained with toluidine blue and examined by light microscopy to locate inclusion bodies. Thin sections were prepared on an ultramicrotome, stained with uranyl acetate and lead citrate, and viewed in an electron microscope.
The rhesus macaques were killed within one week of onset of clinical signs, and complete necropsies were done. Tissue samples taken for histology were fixed in 10% neutral buffered formalin. Sections were dehydrated, embedded in paraffin, cut at 6 pm, and stained with HE or Luxol fast blue-Nissl.
Fragments of paraffin-embedded brain were taken from regions shown by histology to contain inclusion bodies. These were deparaffinized in xylene, rehydrated and processed for electron microscopy as described above.
Results

Gross lesions
Only the brain of monkey T75040 was examined. There was mild, diffuse congestion of the superficial vessels, and coronal sections were unremarkable. Cerebrospinal fluid was clear.
Monkey B3978 had cloudy cerebrospinal fluid and congestion of the surface vessels of the brain. Coronal sections of the brain were grossly unremarkable. Multifocal regions of pulmonary consolidation were present in all lobes. There was also pancreatic fibrosis with multiple intra-abdominal adhesions. Monkey B5433 had no gross abnormalities.
Microscopic lesions
The results of histologic studies are summarized in table 11. Microscopic examination of brain tissue from monkey T75041 showed perivascular cuffs with large lymphocytes, which were most severe around vessels in the cortical gray matter ( fig.  1 ). Vessels in the white matter were minimally involved. There were a few foci of intracerebral hemorrhage in the gray matter. Many astrocytes in the cerebral cortex contained either intracytoplasmic or intranuclear inclusions, or both. These inclusions, regardless of their location, were brightly eosinophilic and spherical. The nuclear inclusions were of the Cowdry Type A variety; they were centrally located with a peripheral halo accompanied by margination of the chromatin along the nuclear membrane. Some astrocytic nuclei had intranuclear eosinophilia without distinct halo formation or margination. We believe that these were also viral inclusion bodies at an earlier stage of development. Although astrocytes seemed to be affected predominantly, intranuclear and intracytoplasmic inclusion bodies also were seen in many neurons in the cortical gray matter. The large neurons in the Ammon's horn were unaffected. There was no microscopic evidence of demyelination. The cerebellum had mild vascular congestion, no demyelination, and intranuclear eosinophilic inclusions in Purkinje's cells. The brain stem had extensive, diffuse, perivascular cuffs with large lymphocytes around almost all vessels, but the cervical spinal cord was normal.
Monkey B3978 had no demyelination, but diffuse gliosis was present throughout the periventricular gray matter. Perivascular cuffs were absent. Neurons in the cortical gray matter contained both intranuclear and intracytoplasmic eosinophilic inclusion bodies ( fig. 2) . Similar intranuclear, eosinophilic inclusion bodies were 
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present in neurons and astrocytes of the putamen ( fig. 3 ). Sections of cerebellum and brain stem from this monkey were unremarkable. In the lung there were multifocal collections of peribronchial multinucleated giant cells, which had a few intranuclear and intracytoplasmic inclusions. Monkey B5433 had collections of small lymphocytes in the leptomeninges and surrounding vasculature. Many large neurons in the putamen contained multiple intracytoplasmic eosinophilic inclusions (fig. 4 ). This monkey had more cytoplasmic than intranuclear inclusions. Cells with inclusion bodies were present in the cortex and the white matter.
Ultrastructural lesions
Morphologic features of intranuclear and intracytoplasmic inclusions from monkey T75040 were similar. The inclusions consisted of a disorganized, tangled mass of tubule-shaped viral nucleocapsids of various lengths and from 17.5 to 18.0 nm (175 to 180 A) wide ( fig. 5 ). Nucleocapsids of similar appearance and dimensions were found in monkey B5433. Poor fixation of the tissue from monkey B3978 precluded identification of virus particles.
Discussion
The virus affecting these monkeys was identified as a paramyxovirus on the basis of the occurrence of both intranuclear and intracytoplasmic eosinophilic inclusions in neurons and astrocytes, as has been reported in paramyxoviral encephalitides such as measles [ 1, 4, 9-1 I] and canine distemper [lo, 111, and the condition of the nucleocapsids, whose ultrastructural features occur only in paramyxoviruses [5-7, 13, 181. Our three monkeys had eosinophilic intranuclear and cytoplasmic inclusion bodies in both neurons and glial cells, primarily in the gray matter. Many cells contained both intranuclear and intracytoplasmic inclusion bodies. Neuronal degeneration was seen in the cortex in all three monkeys. Demyelination, as described in many cases of measles encephalitis in man, was absent [ 1, 81. Monkeys B5433 and T75040 had perivascular cuffs, primarily of lymphocytes, with occasional macrophages. In addition, monkey B5433 had a mild, focal, nonsuppurative meningitis, composed exclusively of lymphocytes. Only monkey T75040 had intracerebral hemorrhage with periventricular petechiae, and monkey B3978 had giant cell pneumonia similar to that seen in measles [9, 101.
Electron microscopy of tissues from monkeys T75040 and B5433 showed intracellular and intracytoplasmic nucleocapsids characteristic of paramyxoviruses [5, 61. Although several paramyxoviruses, such as SVS, SV41, and mumps, are known to infect macaques, only measles virus causes any significant clinical disease, and it is the only one in which inclusion bodies are formed. As there was no demyelination or giant cell formation in the brain, it seems that these monkeys had an acute infection of the nervous system with measles virus resembling acute measles encephalitis in man.
